ABSTRACT
INTRODUCTION
Researchers over the years have conducted numerous studies to improve polymer composites due to environmental concerns and material properties. With the emergence of modern technologies, to enhance the production and use of materials in many industries has proven to be economical viable and environmentally encouraging. Many researchers have created innovative ideas and suggestions to meet material property requirements for a myriad of applications in industries including automotive, aerospace, marine, construction, agriculture and health science. The requirement for new and environmentally safe materials is a primary focus area globally, gaining significant attention, given the technical and ecological concerns. In 1991, Iijima discovered Carbon Nanotubes (CNTs) which exhibit high performance in thermal conditions, mechanical properties, chemical stability and electrical conductivity (Iijima 1991; Lee et al. 2009 ). The application of CNTs has been investigated as potential filler for polymer nanocomposites. These include; polypeopyene (PP), polymethyl methacrylate (PMMA), polyethylene (PE), polyamide, used to improve rheological, mechanical, electrical and thermal properties (Farzi et al. 2009; Kim et al. 2010 ). Sulong and Park (2010) confirmed the increase in mechanical properties by adding CNTs to pure polymer.
MAPP can also be applied to enhance the compatibility between matrix and filler (Lu & Harold 2005) . Schneider et al. (1995) identified that the MAPP could enhance the mechanical properties of the composites obtained from kenaf and jute reinforced PP. Karmaker et al. (1996) reported that the mechanical properties increased by adding MAPP to jute and PP. Kenaf as a natural fibre is recognised and applied as a primary fibre used for composite and engineering applications. Kenaf fibre has the potential to be used as reinforced fibre for thermosets and thermoplastic composites. However, changes to the fibre are required to enhance the mechanical properties of the composite product (Edeerozey et al. 2007; Karnani et al. 1997; Sharifah & Martin 2004; Sharifah et al. 2005) . Kenaf particles with sound reinforcement would enhance the mechanical properties of composites thereby improving the loading of kenaf particles (MdRadzi 2015) .
Polymer composites received increasing interest because of the comparatively straightforward process to produce new materials having balanced properties. Polypropylene, as an inexpensive material, offers a combination of existing physical, mechanical, thermal, chemical and electrical properties as compared to other thermoplastic materials. Additionally, compared with low or high-density polyethylene, it performs better under various operational temperature conditions, has greater tensile strength, but with lower impact strength. Polypropylene is one many crucial commodity polymers applied to household appliances, automobile, marine and commercial products due to inherent stable mechanical properties.
MATERIALS AND METHODS
Polypropylene impact copolymer automotive grade SM850 (melt index 45 g/10 min, density 0.9 g/cm 3 ) was supplied from Lotte Chemical Titan (M) Sdn. Bhd. The MWCNTs were supplied from Nanocyl SA (Belgium) with an average diameter (9.5 mm) length (1.5 μm) and purity (90%) of the tubes. The surface area of MWCNT was 250-300 m²/g and with a volume resistivity of 10-4 Ω.cm. Kenaf core particles, size 20 mesh, were supplied from the National Kenaf and Tobacco Board and MAPP were obtained from Sigma-Aldrich.
In this study, the feedstock was composed PP, kenaf, MWCNT along with different percentage of MAPP. The feedstock was cut using a crusher machine. The compounding of the polypropylene, kenaf, MWCNT and MAPP was carried out using a sigma blade mixer at 190ºC for 0.5 h and with a rotor speed of 45 RPM. Table 1 lists the materials used in the study, where the MWCNT 3 wt. % is selected due to contributing good mechanical properties as mentioned by Razak et al. (2016) . A Battenfeld injection moulding machine type BA250CDC was used to produce the composites of the specimens in this study. The specimens were created, (including dimensions) based on the ASTM Standard. The tensile, flexural and Izod impact of composites were examined under ambient room temperature (25ºC) with the average values of the five specimens recorded. A universal testing machine (Instron 5567) was used to conduct tensile (ASTM D638) and flexural (ASTM D790) testing until failure occurred. The three-point bend method was utilised for the flexural test. During the tension test, a cross-head speed (2 mm/min) and support span (43 mm) with a load cell of 1 kN were used for each experiment until failure occurred. The Notched Izod impact strength (ASTM D256) was tested on a Victor Impact Pendulum Tester using a 1 Joule hammer. For all specimens tested, five measurements were averaged and recorded. The thermograms of Kenaf/MWCNT/MAPP/ PP composite were recorded using a TA Instrument (Model Q500) using a temperature range of 0-600ºC.
Injection moulding samples were scanned applying electron microscopy (SEM) to analyse the surfaces fracture of the tensile and impact specimens with and without MAPP using a Hitachi TM-1000 scanning electron microscope. (Amran et al. 2014) . Saad (2011) reported excellent dispersion of the filler-matrix resulting from the formation of the anhydride groups of epolene 43 occurring between an ester bond at the surfaces of Kenaf filler. The reduction of the tensile strength at MAPP 4 wt. % also caused additional stress points from the matrix of fibre (Rozman et al. 2001 ). The addition of fillers obtained comparable results, thereby decreasing the tensile strength of the composites without a coupling (Eng et al. 2014) . Figure 1(b) illustrates the effect of MAPP on Young's modulus of Kenaf/MWCNT/PP composites. The result showed that Young's modulus of composites improved with the increasing of MAPP loading and observed in the relative stiffness of the composites. The change of Young's modulus is predominantly due to several factors, such as the orientation of the fillers, the amount of filler used and the adhesion between the matrix and the ratio of filler to the matrix (Huseinsyah et al. 2016 ). Figure 2 illustrates the effect of MAPP on the flexural modulus and strength of Kenaf/MWCNT/PP composites. The results showed the composites being positively affected increasing filler loading. The flexural modulus and strength were both improved with the addition of MAPP 3 wt. % clearly showing that the highest properties of the composites slightly decreased by 4 wt. %. This observation was expected because, under normal conditions, the addition of fillers will increase the modulus of material. The modulus of flexural for the four mineral fillers (calcium carbonate, clay, mica and talcum powder) increased the aspect ratio with the addition of filler particles (Riley et al. 1990 ). Equivalent results were obtained for epoxy nanocomposites reinforced with hybrid fibre carbon nanotube and nano clay (Mohd Hafizuddin et al. 2016) . Figure 3 illustrates the effect of Kenaf/MWCNT/PP with the addition of MAPP on the impact strength. The addition of MAPP 3 wt. % increases the impact strength and slightly declined by 4 wt. %. The impact strength of the composite is a measure of the materials ability to resist fracture due to the pressure caused at high speed where the resulting value shows the toughness of the material influenced by the strength of the bond interphase, the nature of the matrix and filler (Panthapulakkal & Sain 2007) . Figure 4 shows the TGA results generated on Kenaf/MWCNT/ PP and Kenaf/MWCNT/ MAPP/PP composites. The graph displays the number of sample temperatures for composites under a nitrogen purge. Nearly 7.2 mg was heated using a TA Instruments (Model Q500). The TGA results showed that the Kenaf/MWCNT/PP undergoes thermal degradation beginning at 269.19ºC and stopped at 363.22ºC with a mass of 1.408 mg. This is referred to as Kenaf fibre. Initially, at 363ºC to 570ºC, PP was degraded having a mass of 5.1 mg. For the Kenaf/MWCNT/ MAPP/PP composites undergoes thermal degradation beginning at 271.97ºC and stopped at 367.12ºC involving the loss of about 1.276 of the mass of the kenaf fibre and PP was degraded at 367.12ºC to 535.08ºC containing the loss of about 4.046 mg of mass. The decomposition temperatures were nearly the same for all composites in the experiment, which demonstrated that the heat destruction caused to the resulting MWCNT in this review was not reliant on the content of filler. shows the enhanced bonding where the fibre is extracted from the matrix, with a uniform quantity of polymer residue remaining on the fibre (Ismail et al. 1997) . Figure 6 (a) and 6(b) illustrates the interfacial properties of Kenaf/MWCNT/PP hybrid composites with MAPP using SEM, showing the effects of MAPP on the notched impact strength surfaces of Kenaf/MWCNT/PP composites made with different amounts of the coupling agent. Figure 6 (a) indicates the existence of broken fibres appearing on the surface of the compound at MAPP 3 wt. % loading. During conditions of stress, the fibres will break due to strong adhesion existing between the fibre and matrix (Ismail et al. 1997) . The notch propagation of Kenaf/MWCNT/PP on the impact measurement is a result of the high impact strength of the composites. From Figure   6 (b), it can be observed that voids are also formed on the surface area of the composite indicating the reduction in the strength of the composite. The material removed increased the strength marginally as compared to the 4 wt. % loading of MAPP due to the issue associated with its wet ability problem and an increase of void fraction content.
RESULTS AND DISCUSSION

FLEXURAL PROPERTIES
Dispersion of MWCNT in hybrid composites were investigated for cross-section surface. Figure 7(a) shows the presence of agglomerated MWCNT. Whereas homogenously dispersed in hybrid composites which is the addition of MAPP as seen in Figure 7 (b). Hence, MAPP showed the better dispersibility and interaction in the polymer matrix.
CONCLUSION
Based on the results and the discussions contained in this study the following conclusions are drawn. Increasing the coupling agent, MAPP in the Kenaf/MWCNT/PP composite will increase the tensile and flexural properties of the composite along with the impact strength increasing at MAPP 3 wt. % loading. The research confirmed the increment of bonding occurring among the filler and the matrix polymer by adding MAPP. The SEM images illustrated that no clear gaps were appearing between the Kenaf fibres and PP matrix at MAPP 3 wt. % loading, therefore indicating good interface bonding. In conclusion, the work performed and the results met the objective of this study.
